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ABSTRACT

=2 This Technical Note presenta the results -of the first in a series
of investigations. te-be cenducted- hy-the— and Analysis Section

Con the analyais and design of recoll nechanisms, This note deals with
the approximation of f£luid flow in a recoil systen. The M102 Howitzer,
XM37 Recoil Mechanism, is the model studisd in this investigation. The
M102 Howitzer ia a lightweight, towed-typed, 105mm field artillery weap-
on suitad for aivborme and air assault operations, The XM37 Recoil
Mechanisn is a hydro-pneumatic dependent type of recoll mechaniem,
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Conclusions and Recommendations

The recoil stroke and counterrecolil stroke for short and long i
- recoll were closely duplicated. The discharge coefficient for short %
4 and long recoil were found to be ,75 and .85 respactively., Tolerance ‘
3 ' ing (leakage) was shown to have a definite effect upon rod pull, It

is felt that for a preliminary analysis, thea results are very good,

4 Y It is recommended that the error analysis upon the technique y
of control rod design be continued. ?
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Introduction

Currently, a digitel computer ls being utilized to solve a
system of differential equationa which are the equations of motion
for fluld flow through any Puteaux recoil syastem. This study en-
compasses both the recoil and counterrecoil stroke. This camputer
program has two definite purposes: Analysis and design. In the
analysis phase, parameters may be varied within a known recoil
system gaometry Iin order i) asasrtain differential effects upon
: recoll lengths, recoll forces, iln<battery veloccitias, cycle times,
3 eta. The design program takes a known system geometry and genarates
i groove areas for the control rod. The length of reccll and the re=
- coll force are required Inputs to this program, These items are

interdupendent and their values are based on the momentum of the
recoiling parts and the gombined momentum of projectile and pro=-
pelling charge. The racolil force, at any point along the stroke,
depends upon the recoil velocity and orifice area at that peint.
Therefore the deaign program cemputes the necassary orifice area
from point to point in order to meet the design requirements.
Based on these two programs, 4 control rod was designed and manu-
factured, Experimental testing showed a close agreement between
the firing results and the computer predictions, This rod was
subsequently accapted for production.
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This note deals only with the analysis program, although
both the analysis and the design programs, are listed in the
Appendicas B and C. '
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FirstApprosimation to Fluid Flow 1n Recoil Systems

I.Theort_.!

The first mmechanism To be studied 1s the XM37 Reco:l
Mechanisrm tor the XMIO2 (IOS mm) Howitzer,

Figqure | s a schemate drawing of the XM37 Reco.l
Mechanmsm, The operation oF ths mechanism is described
in the following paraqraéhs.

Irn the XM37, the piston rod 15 affached rigidly to a
rnon reao:lonq parl, The remmaining e rts o} the mechcsnisrm
are alfached to the How tzer via o yohe arrangerent,
conshtuting the Reaa:/:nq Parts,

Upon };ru-ra, the Rec.o:hrvﬁ Paorts aare 777o0vec! fo the
rear, Yorcing the prston rod and piaton to move Yorward
relative to the recol mechamsm, The ol 15 Forced under
pressure Fy through Area A, info the recuperator cylinder
al pressure F,. This o/l 1s $orced into the Front of the
regulator fhrcuqh Area A; under pressure P,. This
pressure acts on the énd o3 the control rod over Area As.
Also, the oil under pressure F| 15 Forced through Arec Ay
and throuqh the spring loaded valve (35,), vie Area Ag,
i7to the throttling chamber at pressure . The o/l then
passes through the throltling Area A, where it acts agasnst
the diaphragm (Areas A, and Ay) under pressure F?B The
pressure Fx,acting on the diaphragm, plus the pressure F,,
aof':nﬁ on the confrol rod, compresses the springs end
yorces the }/aaf'ﬂq prten aqyeast the gz pressure F:'?',
As the d:a/::brocc,m and }'/oafu-n? piston are Yorced b the
r’ear','?he comfro|l rod moves with f’hem, thus varging
the orificee Arca A,. Note Az tA, = A,

During coumter-recoil, the Qons pressure F, jorce:
the ;/oaflnq Ps *'c:f-lJ d/apbﬂcqrn, and conlrol rod *orward,
?‘hraﬁhnq the o/l bach f‘hrauqh the oritice Area A,. The
spring loaded valve 1s closed auring c.ouﬁfer“r'ec_aclJ thus
;'ar'cn-rq the o/l to be throlfled betweern Fhe control m~od
ol The requiator through Area Ay. The =il then
returns Yo the recoil cylinder, f‘arc_:nc’ thee recoil piston
back into baltery.
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2. Analysis of the Recorl Stroke
This Srudtj 13 based on the f'a“aw:ng Stssumplions
() Ui - directional Flow
(k) Friction 11 assumed constant
(¢) The }Huid 13 cassumed to be incompress ble
(d) The Qo pressure Follows the adiabate gas law
(&) No prassure® drop across the yoke (A)
(}) The coatricienT oF diucharge s« assumead constanT
Bg NewTon's third |qw, the resistance to reco:l due to the
recoil mechanism 15 equivalent to the Force exerted on the carriage
bgj the recod macharism (which 1s the force @#xertedd on the
pisten rod) here relerred to as the ““rod pull” and debned
in this problem as AgR + (sgn 2)F,
The equatien of nrotion for the recoiling ports is:

Mg 2 B(E) - AePr = (sqn 2)(F+Fa) + WaSin § (v

where
Mg * Mass of Recoiling Parts (Wg=weight)
B(t) = Breech ¥orce
2 = Recol Displacement
Sgn ’ﬁ = Algebra:c sign o} 5 (sqn /i;:l’/i;)O: sgn j.:-l,’i)O)
F=:Guide Friction
Fo: Recorl! Pston and Sfuf’lng Box Friction
F = Angle o} Elevation
The eauaf’:on oF srotor for the ;Iaaf‘:ng piston is:

Mp g = FLA; + BA-BA-(R-RM-(Sqn)Fp t WSinf (2)

where
Mp = Mass of ;/aaf'me piston (W,. = Walajhf)
: Floating piston displacement (absslute)
Fip = FIoafmca prston Friction

_Equaf/ans (1) and (2) are the cdesired equations of molion, The

problerm now ;s one of evaluatira the various pressuras. We consicer

two corses: () P57O and () lj 7([*;-5)4.
CASE 1 - R> O

Define: Dt = ‘%‘ M
= Fg-F, = Pressure Drop across A,

>

B = F;..PJ : Pressura Drap e ross AP




Derine the ortbice area tor two shart recoil qrooves as Ay, and
‘or two long recaol arooves s Ay . In long recal beth A,y and
Ay are acting whie 1n short racosd only Ay 1s mcting, NOTE:
the inch dlug-inch-sec system 15 used Throwghou? the 5fud5.
Wz * Rafe o} Flow through Orifice A, \V,:vVelouity o? Flow)
Qus : Rate o Flow through Orifice A,y (V, = Valocity of Flow)
QL = Rate cb Flow through Orifice Ay (3 Velocly o Flow)
Co = Coethcient oF Discharge +or A,
. cly
G

"

Coetficient of Cischarge For Ays

"

Coetticient a}'Dlacharqe Yor Al

From Reterence 2, repeating the analysis:
The pressure (AP) resulhng Srom a head (h) 0% o/l with o
specihic weight (o) 1s-

AP = hT

The velo;:f._., (V) ot ol through the orifice (A) is:

Vs cEgh S
Fhus ey
VA cz-zg-—%ﬁi .
So -
. Vir
AP = g

The $ow (Q) through the orifice 15 qiven by the relat:on

AV = Q
The above analysis when apploed e F:a;. l gives:
v, T Ve - Vier:
P = 2 - s - T - 2 O
A | 2-8. C: APZ a:a.cél e.a.c;t (3)
From Frhe se&comd =5 equatiorns 3I:
CoVy, = CoVys ()

Also, Yrom the alove ano/gs:s

Q1 = AWy Qxs = Ays Vi Rur = Ax Var (s)

-

Now

’

Qe+ Qus + Q. = Ay ’/‘ (6

Qu - /‘J’: 3l

cw e a——




but R

Qe = Asly-a) Qus F @ue * A(y-2) &)
Subshtuting equat.cons 7 info equation &

(Ag+ A Xg-2) = Agyp

or
(AR PAS "AL)& = (Ag ’.AG)j
So
. A . S A! e
3=(’* A3:A¢)¢ 3-(I+ A;*Ag)/P (8)
and
. . Agx .
3-¢ - A'J + A‘ * (9)
Subshf‘uf”_va equaf‘aan 2 into equaf/on: 7
4 ."”"_'.._ A ) . A .
z Qe = As’ A AL % Rt A BURTH (o)

Now *rom eqvation 5

Rps * Qur T ApcVpy ¥ Ay Ve

Substituting ¥*rom equaticn ¢ For Vao

CI‘
Qps ¥ Quu = Vs (AM"A'»L' ?‘f) G
From cquaflon 5 and I, write equation /0 as:
AR . R - -
At = As® Zy v AL # SR

(A»S*Au' '%:‘ s T Ag- ';q_A'K—"i‘
Now we }ind
Ver @ w4 Vo E e
,
N7y s T a3

Svbstitution of equartions 12 info mquations I qive

4

- - S 1 . R—— . S D & WS

e e—— e —
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R [ ‘Faer A =
e I(As"A‘) zgcﬂz * "7" i)
A, A 2 o 2 — /"“,"‘,
AR = [- £_n ; J . . L0 5 =
2 (As f'AbXCDA,” +Cp Ay, 29 * - A7

I} we assume a leakage area (Ay) with a diucharge coe’ticient

(Cx) I1m paralle! w.th the recol ar'f;:ces, we may wrile eq. /¥ as:

2

A, A o .2
AR =[ ¢ Ar ] . s (14 A
2 L85 AXCL Ay +CEAL +CeA) 29 )

Now from an.l

-

a ‘r;:\__._‘.o f/; L
. . - /
= Sthg = By~ /4 e

R-aR = R-ay-a v

L I 0 3
' o " ”t

"P,"Apl =PR"AF=, .:."

Substitution oF squahans 1S and B 1~to eguaticn 2 qives:

[

L,_,,nl e,

P P
M,(lr Aamf,)”' Aa(& AF’)*'AQ(H\ S/A, AP) PA, APA
A (sgn ’P)F}.P #WPSInE o

Rewnf,na e N

Lo )
A} >
- rd

Me (1 + 25 A‘) = (A3 + AR - A,\AP (A, + AR - B, A,
he /As'Ag'(:qn ¢)F}P f'WP 'ﬂE (/6)

Assurme

Makmq this sulsst tution and »ru/f/p/g/nq Fhru bq "ﬁd‘-‘ Cq. I, becomes:

Ag(As +AL +Ad) | - :
Mp 7 = AR v BR8 |-A8R AR B A, - S,

(A3 rAL)?
NP R -(37n é’)fp *\AI’SM;]

N -

Subcfvfuf‘,nc, From Fquatlions 13 and /4A
2
o | maas | w%r -4 AnlBstActan) | o
R A “[‘A'*”":I X G *M”[ (Aaf-A:)t %
AgAs Ay Ag 2 -
Jfﬁel-_-(ﬂzfA‘Xc,A,uc,A“,CM‘D] —3- ¢, Z,Av'n'_("?" "')FJ-P

,f) AR N
s - X (/7:-9‘/‘1;/"@‘50) .,"",)L

ﬂr'-m

- m— e . —



Ler
V, * Initial Volume of Gas i1n the Recuperalor

= Inmliaal Gos Pressure

0
1

Vy * Yolume of Gas at any Travel 2
P,,‘, T Pressure o} Gas at Qny Travel 2
Now Fhe motien of the ;'/oarrng piston relative to the cylinder

1S Y-z, From equalicn 3, on /nfeqr-afmq

A
-7 = A+ A, *

Define
Az +A, = A, (18)
Smce
A
W = ArlYomae) = Ar FET 2, 2 Art
Vo = Vo = Ag(y=2) = A Zo08— (o 2) = Ag (%0m )
Fhen
B = RGO = R(GES (1)
T MYy T ”‘0'4’)
where
Vs
Ko = /Ag

Substitution of cquations (17),(I8), aad (19) 7o
eq:./a'l’/on ) qives the odesired cquaf‘/an oF mrretion,

Mg % = B(e) - I;ZF*FP + & FpXsan ’i)*%?%?s]*(w**%wﬁ’ Sk

N . Y A AT e 2o ¥
£ T ??[Ai(c,'/\“ +Cl ALt CeA ) ¥ A; A3 C,]”’ = AgR (fz., - /p)
A1 .. \' :
1 s
Detine _ Lo
U = F (sqn ) Up 2Folsqn &) Up= 22hplsan 2)
. A « fay, : *
Uy = 7},9.’,‘5. Us® 2XWoSin § G AR, (z22—)
) A.(AV-AB)] =£’: _ALAR
I MP[ A H, 29 A7 (C) Ay + oA, +C AL
L. _AAL 32
Hp : 29 AT A7 Cy H», A (21)

:’l—?—'/},”- ct

\ o 0
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Ec’ua"aon 20 15 mmow wrllan as;- / , f‘._m /

Mn¢ ¢ B(t)-(u| "U:. *Dj *'O.,'U‘)"C" +WRSH'IE ‘(H, +HL}’;J:"'I’;‘ (ZZ)

Equaruan 22 13 pow the desired egualion of motficn,
From equation 17

AgFr = (H,"‘*Hl;:)o’b’ +IA +(Uyr Uy ~Us) + G (2 3)
Thus

Rod Pull = AgPr +U, (24)

Total Resistance = Rod Pull + U, -W;Sin¥ (25)
and trom eq.s I5 P P:g ) f;_ y/?'

P = Far s / R (26)

B = R~ Gri,t (z7)

P, : P«‘%'¢.z (28)

This complere's the ana/ys:s of Case 1.

CASE 2 - y>»(1+ Bz

We mow consider that Py drops te O jpsc. This 1implies
aQ vacuum has been created which 1n turn implies that the reservo:r
1s mot Flled with oil. Thus, one TPay reason that the volume
displaced by the motion of the ;/oarmg priston @xceeds the volume
displaced by the rerco:/ piston resulbhng in the criteria 57(1#95)4‘

Now, r’ef’armng to cquohon 5 which may be wellen (bg use
of &q. 3) as:

' 234r 2g af
Qayg = G Aa-s O’Ap Q,.._' Cp Ay, —gae—"
Bt
Qa= A3(y-2)

S‘:’J on suboetituting into equahon G (nof’/nq that P, = AR)

As(4-2) *4-‘3—‘20—’9 (Co Ape HC Ag #CeAy) = Art
wheore we have /ncluded ¥How cdue to leakage. Thus

:( A2 ~As(y-2) V. ¢  (29)
CpAuy +CpAL +CeA 29

2

7



The dasirec equatons o5 mwretion Yor Case 2 cire

Me & = BLE) = APy - (sqn 2)(FrFa) rWySin§ (z2)
Mp§ = FyAs-FA, ~(5an §)Fp +Wesiak | €20
where
- _ A . 2
ChAs, + CaAy, +CuaAy 2g9 \
Pz=Py= B r3/a t (23)
Y- '
- - - | Al9-2) |, & -
Pﬂ‘ P, AF} }D' A Cp jl 33 (39)

Note: equahans (29) amdad (25) sr./ holel. Thot s
Roal Pull= ARPR r U,
Total Resistarnce = Mool Pull + U, ~WeSin }

AISD &
Vv
=R ( Vi ~A1(5-/L))

3, Anal%sn o? the Counter-Recol Stroke
For the counter recoil strohke, the equations of moticon (1)
and (2) are @ssentially unchanged; but, the breesch Force

B(t) /s »o /onqer- pr'eserrt Thus we werite

MPg = F?/A3 +F_’,Ab—F;A-,—(R-F3)A?-(5qn g)F,.p *rWoSinf (3¢

As before

AF, 2Py, = Pressure Drop across Ay

AP, = Pz_-% T Pressure Drop across Ay
Derine

APy =Fy-F = Pressurer Dreop across Ay
but

2 2
=L LYl . VT v o~
AR = 29 ¢ Afg = 29C,% ~ 2g9c)? Al = 2g9¢y

Q@nal since 17 cownter recarl

Ry = Qu



we Himel
Ay Vg = A,_,V.” + Aw.v‘w.

by equaf)ans 12

A Ar
Vy < A,A5¢
rbu’
AR = (A c::,f\:f)Z 3 (30)

The pressure drops OF , 4R, ancl &R are positive quanttes
irreqardless of the direction oF Flow. In cownfer recol, these
Quantilies ust be entered 1nfo the equahons o) moaticor as

7eqative quanrtihes, Thus $or cournter reco:l:
Pe = Py - AF,

e

1]

P=+AP‘! °

Py v AR

R

F = /R+aF

P, = Pk + AR + 4P, + AR, (31

[}

P, = Frt &R tAFR;

RCcalhnq that
§e (&) C8
then on substituting eq's 31 and 3T info eq> (28) and (z9):
Mg % = —AeFa -(5qn ZXFrR)tWeSin (33)

Mp(“’ },’\,)5 = (PR +AP)A; t(R+4F +OR +tAR )AL - P Aq
-(sqn 2)Fp tWpSinE (39)

SuEshfuhnc, nte eq 34 Yrom e9.'s 13,1¥A, @nd 30

2
a . A A .2
M,',(: * '/A-y)j = (As *Ae)Pn'(AJ"'“b)'[A; (i:rkna)]'?sazﬁ “#

4
A¢ Ar A Au Az c . >
4 B e o . o —
Ao Eﬁawxqm,fc:a,uc.n.\] 2q % " A(HelnS 54
- A’ -(594 ¢)F2P + WPSI’,E

9



SG}V ”C"-r }LSI" An fDR
- AB‘A!)A ?z-o A . A
ARP‘ = Mg A, YJ’F*ARE; + A: (sgn A)Fip - 7,'S'Wp5,nf
a2 a3 3, 3 a3
- Ay Ag A, Ax Al AR LT .2
[A; A: T A‘I(C;AM'C:"‘H"C(R-()I A,( "5"‘-,/4.) 23 ¥ C35)

where (o Ay 15 the edfective area wmssociated with leakage
PGPQI/C'/ Te A:’ Suba‘r:fufu’q ¥rom . 2]
*s .z . L)
AgFr= I tG+ Uy - Us “%;’Hz.¢ 'H,¢1‘H34"; (36)

where

A; '4& o
Hs A (CyAy + a7 23 (37)

Now, the desired eguation of mmotion (33) /s wriller as:
Mg Z = = (U, + U +Us =Us) =G +WeSinEt(42H, +H tiy) - L5 (38)
Thus:
Roa Pull = (Uy+Us -Us) + G + T4 = (H, + 31 H, + Hy) 2"
Pr = 71;; U;-Us +G +Ip -(H f%’;h’z *Ha)¢'?j
- }'Ii',,[u_a“U:f'G +Ip=(H -~ g‘f”ah‘b{l
F_’,=;§;[-u +—e.+1:¢+——(r/ +-H,)¢]

P, =A+;[Us‘u.s'*5 +I/i,~(/-f, +-H3)¢f:l

To review: Fhe cquation &} moticn is:

Eer Recoil:

Mg = B(E)=(Ut 0, t U + Uy = UL )~ ¥ We SinE - (H, +H ) 2%~ T 4

For Cownter Becol:

My ? =(U, tUh vy -Ug)-G +WeSinE *‘(H, t ‘:‘:;Hz. f-HJ)j'.:'-l"/i,

where U, , 1’U3,Uq,u5‘,6 H,,HZ,H3,Onc/rar¢‘
defined bﬂ equaf,an.s 2] anal 37,

e}



These tweo equahans ey bbe wrilferr as one egquatcor

as Yollowas:
My % = BLE) = (U, + Uy +Uy-Us) =G + Wy Sum F =T (5qm 2l M, +Hy )
+ E(3) [—213 H, fH,]q‘b” + F(2)Y,

Whesre

{

.. =0 220 , ] »20
E(x) | a<o Flx) ¢ peo

11

\




Computer Model Analysis - Case 1

Beginning with equation 22 and basic input parameters of the
M102 Howitzer, XM37 Recoil Mechanism, a praliminary computer study
was initiated. This specifically dealt with Zone 7, 100% charge.
3 The desired goal was to duplicate as close as possible the rod-pull
: tine curves of actual carriage firings ( See graphs A and B ). This
' also means & duplication in rvecoil length, recoil time, and oycle
4 : tine, It must be kapt in mind, however, that graphs A and B were
4 carrisgs firings using a simulated 1482 round, The chances are
that the breech force used in the computer soluticn Is not quite
ﬁ' the same as actually fired.
3 Canputer runs were made beth in leng and short recoil, The
3 rate of flow or coefficlent of discharge was held constant throughout
. a run. First, a number of runs were m&de in short receil to determine 3
i its coefficient of discharge. Next, using tha determined shert groove : §
cocafficlent and varying the long groove acefficient, long recoil runs ]
were made until a suitable value was obtained for the long groove
discharge coefficient, Maximum leskage (tolerancing betwsen the con-

3 trol red «nd regulator) was considersd present in all runs. %
. 0}
i Input Parameters ;

' The parameters defined balow were the basie input parameters in .
] all runs unless otherwise noted.

; Symbol Pneumonic Cods Description Value
i 13 r Guide FrIoE!on 755,88 pounds
' Pf FFP Floating Piston Frioticn 658, pounds ;
: FiP P Recoll Piston § Stuff- 283, pounds
3 P ing Bex Fristion
; Ag AR Area of Recoil Piston  2,971in?s,0208#t2
Aq A7 See Figure 1 14,1884n2s,0985F¢2
y Ag AB See Figure 1 11.781indw,0818¢¢2 i
) Ag AS See Figure 1 3,620in%u,025818¢2 1
Aq A3 See Figuve 1 2,405inds,0167£¢2 !
, A A2 See Figure 1 <4418in2=,0031£42 '
: Sl 81 Spring Loaded Valve Force 8l peunds '
3 W WP Floating Piaton Weight 25 pounds
3 " ZETA Angle of Elevation Varied
4 Py PN Initial Gas Pressure  1150pais165600 lbs/ft2
- Xo X0 Quantity of Length Needed 188,07"=l4,00f¢
k XK To Satisfy squation 19 l.40
Adiabatic Gas Expcnent "
3
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WR WR Weight of Reaciling Parts 1466 pounds
o SIGMA Density of 0il 53.3 lba/f
8 e} Accelsration of Gravity 32,17 ft/se
Ch co Discharge Coafficient Through A ' 0.75
c"D cop Short Groove Discharge Coefficient Varled
o)) CDPP Long Groova Discharge Coefflclent Varied
Cg CK Recoll Leakage Coefficient 2 Varied 2
Ay AK Recoll Leakage Area +0134in"=,00009306ft
¢ CY Counterrecoll Discharge Cosfficlent Varied
c’,{ CKP Counterrecoll Leakage Cosfflcient 2 Varied
A'g AXP Counterrecoll Leakage Area +08694n“w, 00004636t 2
MR XMR Mass of Resolling Parta 48,57 slugs
¥p XMP Mass of Floating Piaton ‘ 0,78 slugs
In addition to thase constanta and variableu, the thecretical breech
force~tims B(t) curve for Zone 7 was & necessary input. The technique
of developing this forceetime relaticnship is fully discussed in refer-
ence 2, The B(t) curve conalieoted of the following points.
Mu4u2 Projectile T38El Propellant
B (t) (B Time-milliseconds B(t) (#) Time-milliseconds
0 0 55024 9,857
18280 «830 48700 10,170
75818 2,008 L8248 10,238
138959 2.528 L4l 10,498
235115 3.08% 42403 10,828
301003 3,404 36538 11,481
L5271 3,655 35089 12,137
373978 3,859 31922 12,793
391412 4,034 29092 13,448
4ooesu 4,188 26537 14, 104
398823 4,576 21227 14,780
355812 5.087 22136 18,418
304705 §.512 18827 16,726
258984 5,892 12038 20,008
220822 6.2u2 7666 23,283
164023 6,886 5362 26,561
125687 7,484 3685 29,838
99034 8.083 1786 38,898
79904 8,801 915 42,951
72322 8.8689 4g9 L9,508
685758 9,135 272 56,084
205 §9,3u2
186 62,820
92 69,176
56 75,732
0 78,000
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T Another integral part of the input data was the relationship be~

4 tween X (recoll travel) and A,.‘ (correaponding orifice area), The total

: groove area is computed by th& relaticnship A= Depth -.00434. The areas
for the long and short grooves are listed beloW. 1,666

2 = Short Grooves

Travel(ft) Avea(ft2)  Travel(ft)  Ares (#£3) Travel(ft) Area(ft?d)

1 +0000 +00088736 8718 ,00085861 l.8268 00048111
Q149 1000800628 7112 + 000069238 1,8882 00041652
Q348 +00084167 7810 + 00088811 147080 Q0043154 ]
] o Ohi7 +00088347 «7908 + 00087988 1,7458 Q00ul1"738 m
:: Q547 +000068280 8326 +00068736) 1.78%6 .00040278 -~
? Q848 +000868808 2704 000868328 1.8284 .00038611
3 « 0748 «00088944 9102 + 000888084 1,8652 « 00038044
ff L8us «000688808 +9800 00084881 1,9080 + 050038278 -
3 O9L8 00088280 19890 Q0084028 1, 9448 «+000336812 :
V 1044 00085347  1,0288 «000683128 l.08u8 + 00031738 3
I sddbb 00088111 1,0804 «00082153 2,0284 100029882 3
s L84) 00088611 1,1092 20081187 2,0842 00027778 :
1 1940 0008098861 13490 «00080278 2,1040 00028804 _ %
2337 00070894 1,la87 «00089236 2,1437 +00023104 !
12728 ¢00071111  1.2288 + 00088194 2,1838 00020694 3
23133 +00071280 1,20883 + 00087183 2,229% +00017778 i
13531 00071388 1,3081 » 0005811 2,283 00014682 3
+ 3929 100071828  1,3u479 + 00084881 2.,3028 +00011111
4327 200071828  L1,3077 +00083811 2,3427 «00008944
4728 00071820 1.4278 0008238 2,3028 00001944
15123 00071318 Ll.,u4873 00081111 2,4024 + 00000000
85831 00071111 l.807) 000408861 8,0000 » 00000000
+5919 +00070884 L.8481 00043811 ;
8317 00070270 1,50887 +O00u47368) ;
2.=.leng grocves
Travel(ft) Area(ft?, Travel(ft) Arvea(#t?) Travel(®t) Area(#t?)
é .0000 . 00020069 1443 0004243 7114 00040278
] JOlL8 00028181 o A542 +00041528 17809 00041111
' 038 .00032708 1040 . 00038819 «R708 00041738 Cd
. 0847 . 00037708 2338 .00038528 «9501 +QO04238) “
: Nkl »000L1250 2708 . 00033819 1.0297 +00043104 i
3 08k8 00042431 3134 ,00035278 1.1093 ,00044028 |
! JO8US , 00043332 » 3832 ,0003811) l,1088 ,000u488) 3
+20UB 000430889 » 3830 ,00038738 11,2088 LO00LERB YL
BT 00044028 4728 00037778 1,348 JOo00uss28 :
1244 00043809 5822 .000386811 1.4277 ,0004T7361 .
12343 00043333 +8318 + 00038444 1,8073 00048403 E
4
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Travel(£t)  Avea(£t2)  Travel(£t) Avea(#t2) Travel(£t)  Arma( £22)

1,56089 +000LSLHL 2,3927 «00078389 3.,2583  ,00051111
1.68¢85 «00050486 24027 .00078528 3,3379  ,00047986
l.746l «00051736 2,428 »00078389 3.4175 00044653
1.8287 +00053194 2,4228 .00076319 3.4971  , 00040903
1.,9052 +0005u4861 2,4624 +00075278 3.,5767  ,00036736
l.9848 +00056528 2,5420 +00073403 3,6563  ,00032361
2.0844 +00058403 14,8218 «000713129 83,7389  ,00027153
22440 «00061111 42,7012 +00089028 3.8185 (00021111
24,2238 « 00084444 2,7808 +00086944 3.0981  ,000131%4
2,3032 100068819 2.8804 +0008u683 3.9348  ,00007917
2.3430 +30071736 2.,9899 +00082183 3,9547  ,00004375
2,3828 +00073750 3.0198. +00089LLY 3.97468  ,00000000
2.3728 + Q0074931 3,089 +00056844 5.0000 ,00000000
2,3828 +00075839 3.1787 .00054028

Counterrecell Grooves
M

Travel (£t) Aren (22
10000 +00002083
«1740 +0000236)
+8720 + 00007361
19699 +00011321

1.5668 « 00018667

J.9841 +00017381

§,0000 +00017381

CGngutnr Run Results =~ Cane 1

Runs number 1-3 were short redeil runs in which only the short
groove discharge coefficient (C'p) was vavied., The laakage coeffioient
(¢ { ¥es held constant. Values of C'y = ,80,.75, and ,70 ware used,

C, was equal to .75,
Run§

No, 1-3 Short Recoil Computed Maximum Values  Cya ,73

#l cg-.vs #2 cg-.eo #3 C§

Time To End 0f Recoil (seconds) +1358 1308 ,1l42
Time To Maximun Recoiling Purts Velocity (sec) ,0171 «0176  ,0188
Recoliling Parts Velocity (ft/ses) 36,68 37,05 38,27
Recoll Length (inches) 29,18 29,30 28.87

" Time At Which Maximum Red Pull Occurs (aac) L0985 0961 ,0155
Maximum Rod Pull (pounds) 19438 24478 20900
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Graph 1 - This graph ls a comparison of the rod-pull time curves for
™8 1=3. It can be seen that a small change in C! can completely
alter the shaps of the rod pull-time curve. This Eknph was compared
to graph A and it was felt that run 1 was the closest approximation,

Run Ne. 4 was then made with ¢! = .75 and C, = .95, It was
hoped that the rod pull shaps aeuld Be more clonol§ approximated by
varying the leakage coefficients But this produced a shaps very sim-
ilar to run no, 2 although not as severs. It was then concluded that
varying the leakage confficient has the same effect as varying the
discharge coefficient, Of course, the results will never bs quite
the same becauss of tha difference in areus associated with thass
coefflclents,

Run No, W Shert Resoil Computed Mnximgm Values CB 5,78 CK z,9%

Time To End 0f Recoil (seconds) +737%
Time To Maximum Recoiling Parts Veloclty (mes) 0172
Recolling Parts Veloelty (£t/ses) 38,69
Recsil Length (inches) 29.62
Time At Whiah Maximum Rod Pull Occurs (sec) 0980
Maximum Rod Pull (pounds) 22157

Now, some long vecoil rune wers made, ck * C, = ,75 were held
gonstant while the long groave discharge scefficient (C'"p ) was varled,

Runs Mo, 8=7 Long Recoll Computed Maximum Values Cb NCy w478
#5 CL =,88 6 CW 2,80 K7 LW 2,78
b bt b

Time To End Of Recoil (seconds) +1988 12038
Time To Maximum Recoiling Parts Valocity (sec) 0198 10208 10200
Recoiling Parts Veloaity (£t/sec) 38,u8 38.%7 38.32
Recoil Length (inches) 47,84 47,81 4g.26
Time At Which Maximum Rod Pull Occurs (sac) <0130 +1730 .0130
Maximum Red Pull (pounds) 11388 12188 11800

Graph 2 = This graph is a gomparison of the rod pull-time curves for
Yuns 5=7. This graph was ccmpared to graph B and it was felt that run
no, 5 was the best approximation,

At this point, it was gongluded that the flow coefficlents for the 3
long and short groovas were .85 and .75, respectively, until a further
vefinemant of the program could be made.

A counterrscoll study was then begun. A representaiLive oycle time 3
for short recoil is 1,82 seconds. Now letting Cj #Cys .75, the only vari- ]
ables . are the flow cosffliclant through the counterrecell grocve (C,) and :
the laakage cosfflcient assoaiated with the counterrscoll groove (c¥ )a
Two methods of approach were used, One method wasto vary beth C, and C}
until a reasonable cycle time was cbtained; the other was to vary only é
and set C'y 2 O, A number of runs were made to determine the best value
for each method. These are llasted as runs 8.9,
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Runs No., 8-9 Counterrecell gShortz Cg » cK w75

. ¥8 ¢ =Ck 2,50 #9 ¢ =.95.C& a()
i Maximum Counterrecoil Veloalty (ft/saec) Y. 8 Y.3,26
In=Battery Velocity (ft/sec) «0,61 ~0,36
Cycle Time (seconds) 1.87 1,85

Using the values determined in runs 8 and 9, two long recoil runs
were made., A veprasentative cycle time for long recoil is 2.43 seconds,
c'D = C g® 475 and c"D » .85 were the ariteria for the recocil atroka,

Rung No, 10=11 Counterrecoll (Long) C'D =, .* 8 C"D a ,85
#10 C aCt .50 Hll C #.95,C}80
Maximum Counterracoll Veloaity (£t/ses) Y.2ts Yay,01
In-Battery Velocity (ft/sec) -0.68 -0,50
Cyals Time (seconds) 2,36 1.m

Run no, 10 was the better approximation because of the caompara=~
tively close oycle time. This new completes the analysis of the re-
coil and counterrecoil atroke for Zone 7. Reviewing the results, it
was found that during the recoil stroke C'. and ware equal to .78
while C", was equal to .85, OF course, C'". was ofily active In long
recoil, " The counterreccil analysis showed that C_ = C'K * ,50 was the
beat approximation. y

Computer Model Analysis - Case 2

Now using equations 30 and 31, and utilizing the same input para- 5

g meters &8 case 1 exaspt for the breech forcs=-time curve, an analysis was q
I conducted, Cass 2 is an undesirable design condition. It only ccours
when the floating platon moves at such a velocity that there la a vold
created betweaen the oil and the floating plston. Now, in order to gen-
erate enough momentum to cbtain this conditien, a Zone 8 bresch force-
time curve was used in the solution, A run was made in both long and
short recoil., A 5K muzzle brake with an efficlency rating of 90% was
considered active in these runs. A muzzle brake only acts during the
gas ejection period, Thias analysia is strictly mathematical as there
is no firing data to compare against, However, runs were made under
thewe conditions in order to approximate mathematically what force the
recoll mechanism would feel.

The Zone 8 bresch force-time curve consisted of the following points,

3 B (t) ¥ Time(millisec) B8(t) # Time(millisec) B(t) # Time(millisec)

3 0 0 122328 1.728 378723 2,570

: 3luly 403 176728 1,967 482102 2.836

3 : 26576 798 225264 2,140 519827 2,942

3 BuS94 1.328 309412 2,388 550178 3,036

i 4
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! ' B (t) # Time(millisec) B(t) # Time(millisec) B(t) # Time(millisec)

593154 3.198 80883 7.901 27224 14,210
598101 3.221 68290 8,350 17689 17.154
6518194 3.338 67960 8,379 11706 20,098
630370 3.462 66980 8.u68 7878 23,044
i 031380 3.562 65381 8,815 5539 25,988
4 633321 3.573 63824 8.762 2624 31.878 .
A 821355 . 172 62308 8,909 13k 37,787 R
547660 4,183 $9394 9,204 719 43,858
weu902 4,526 56829 9.500 5§33 46,6801
3692528 4,833 51518 10,087 399 L9, 5u5
332952 $.118 49182 10.382 301 52,490
1 265434 5,840 48907 10.878 229 55,438 "
3 1870758 6.127 ha7ug 11.288 138 8l.324 :
3 14683k 6,590 42127 11,357 0 62,000 |
X 13133 6.816 30894 1l.848 @
L 118110 7.038 38869 12,443 b
108768 7.257 32844 12,968 i
96966 T.474 32528 13,032 :
Runs Ne. 12-13 Zone 8 )
§ 12 ¥ 13
i Short Recoll Long Receil ]
§ Time To End Of Recoil (sec) 1283 1805
? Time To Maximume Recolling Parts Veloocity (sec) .0085 0085
i Recoiling Parts Veloeity (ft/aea) 43,83 bl 47
: Recoll Length (inches) 29,20 47,94
Time At Which Maximum Rod Pull Occurs (sec) +0065 ,0108
Maximum Roed Pull (pounds) 24494 14187

Graph 3 « This graph is a plot of the red pull-time curves for runs l2-

13, The uniqueness of run no, 12 requires scme explanation, Run no, 12

has a discentinuity in it due in part from shifting out of cass 2 back

into case 1 and because certain system flexibllities were ignored in this
model. Run no. 12 never went into case 2 and therefore has no discontinuity,

Bl s e d
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APPENDIX B

ANALYSIS PROGRAM

Bel



€ FIRST APPROXIMATION TO FLUID FLOW IN RECOIL SYSTEMS
: DIMENSION AREASX(75),AREASY(75),AREALX(75) ,AREALY(75),AYX(20),AYY( '
E' 120) ,BRCHX(65), BRCHY(SS) | S
_ COMMON U1,U2,U3,Uk,US AR, PN, X0, XK, CONSTI , SGNXD, HT ,H2 ,H3 ,EXD, A6 A3.
£ IFXD, CONS T2, AREASX, AREASY ,AXS , AREALX , AREALY , AXL ,AXCD, COP ,CDPP ,CK ,AK
2,CONST3 , AYX ,AYY,AY, AYCD,CY, CKP, AKP H,HH ,BOF T1 ,BOF T2,B0F 13,47, DELX
3DELY,DELXD,DELYD,0X,DY, T,BRCHX , BRCHY , S1,45, ,S 1GMA, €D, XMR, ZETA, WP FF
4P ,A2,P3H,XMP, Y, YD
: READ! M1, (BRCHX( 1), BREHY( 1), la1 ,M1)
READI M1, (AREASX( 1) ,AREASY( 1), Ia1, M)
READT M1, (AREALX( 1) ,AREALY( 1), t=1,M1) ;
READT M1, (AYX(1), AYY(1), 1m1 H1) o T 3
I R e
‘ READZ,T,H,X,XD,F ,FP AR FFP,A7,46,51,A5, WP, ZETA, PN, X0 XK, WR SIGMA b
g 10P, COPP ,CK,AK,A3 ,A2,CD, ey, CKP, AP, XMR , XMP , HHH ,H3 , SENXD, ¥, YD o

E - 2 FORMAT(8F10.0) T _

& o | e e e |

% o, ) e 3
HHaH/ 2.

9 . R . . U e e e e e e e e e

X |mXMP*AR* (A7+AR )/ (A7%%*2)
CONST1wWR™S INF (ZETA)

CONST2mXMR+X | A NS
consra-s|GMA%Aé¥*3*AR**3/(z.*32.17*A7**3)' - o ‘

; Ul wF ' . ' | ' 4
E Uil =U1

AEITIED

B’




. | TR

U2eFP
o

" U!-AR*FFP/A? '
e S , ) -

. UbmAR®AE*S1/ (A5*AT) - -

; us-AR*wp*stN?(iéfA>/Aim“'“”

%‘ . . HZmS IGMARAZ¥*3ARNKI/ (2,432, 1 THAZWQWATHWSRCDNR2)

: AL=ARW (FFP/A7=WP¥S INF (ZETA)/A7+PN)+UZ+UT ~WR¥S INF (ZETA)

f | el iy ATV TNV N

: 1 CALL LINEAR(T,BRCHX,BRCHY,BOFT1, IBRCH) 1
é TaT+HH T

% _CALL LINEAR(T:EééﬁgiEB?EE;QQRI? IBRCH) §
5 TaT+HH |
; . :CALL LINE;;{; EREﬁxmgﬁﬁHY aorr; 1BRCH) i ?
rcaw RUITAXD) ?
;i L F(xod3 bh S
; 3 Ule=Ull ;
E T U2a-lU2 1
| Cueews |
| senxo--t. ] i
| , GO 10 5

u u1.uu1 4

|

SGNXD-I .

The me e

uz.uuz ' |

¢ .. \ e et . - ——— — _:
U3mUU3 j
A R |

‘ ~ o
]




§ XDD=DFUNC(BOFT3,X,XD)

IF(XD)6,7,7 N
6 GGmAR*PN*(X0/ (xp-x) )**XK

PRa (X | *XDD4GG+UZ=US=AT*H2*XD¥**2/ A3 =H *XD**2-H3*XD**2) /AR

RuPR*AR+U2 S

P2m( U3 =U5+GGHX 17KDD=(HT =A3%H3/AG)*XD*¥2)/AR

| P3m(U3-US4GG+X I*XDD+AZ*(HT 4H3 ) *XDW*2/A6) /AR
; Pu-(us-us+es+x|*xpp-(Hlf§3)*xo**z))Aé - o
" HuHHH : | )
} \HHaH/ 2., ;

G0 TO 8 T R |
, 7 IARESa1 B T §
E | ARE Lt o e ,%
| et e (x s messy s, wes)
Z CALL LINEAR(X AREALX,AREALY,AXL, |AREL) ¥
AXCD-CDP*AXS-O-CDPP*AXHEK;:AK e e e e+ e e %
| et (axcomezy T T ;
3 PR { (H1+H2 ) *XDW*24X | XDD+UZ+UL=US+ARYPN* (X0/ (X0=X) )**XK)/AR |
| RuPR*AR+U2 T T e :
? P2mPR=S1/A5 . LT o
f P3mP2=AT*HI*XD¥¥2/ (A6¥AR) ST T
i PluPR=AT¥H2¥*XD**2/ (A3*AR) T ‘

8 TR=R+U1-CONSTI R T

IF(P3+2116,8)31,32,32 T

E 32 CALL AREA(AREA,AT,TR,H) [ |
Bt o T
© N

k i
L R )




201

E . 202
}\.

f 135
; [ 4

: 181
81

35
10

PUNCH §.T,X,XD,R,PR,PZ,P3,Ph, AREAT, TR
FORMAT(F16.7 bF16,4/5F16,4)

IF(SENSE SWITCH 1 )201,202 )

HmP2H | -

HH=H/ 2. “

GO TO 35

IF (P3=10000,)135,135,181 .

HaP3H/ 100, o

HHaH/ 2,

GO TO 35

IF (P3=50000, )81 ,81,35 -
HmP3H/10. ‘ T
e o e
- S e
PRINT 23 S B
FORMAT(6HP3 NEG) ~w;.;ji:i ) B ~l;:; ]
PRINT 9.7 ;
. | e
XmX=DX T

XD=XD=DY
CALL P3NEG(X,XD,AREAT,A1) 4
IF(BOFT1)10,10,11 e e e e :
TuaTéH o e, |
GO TO 12 T e o

JO

END

— -~
)
!
- i e e e e i e i
4
3
- e e - PR - S




|
?
{
a

120)

SUBROUTlNE KUTTA(X Xp)

DIMENS 1ON AREASX(?S) AREASY(?S) AREALX(?S) AREALY(?S) AYX(ZO) AYY(
COMMON U1 ,U2,U3,Uk, us AR,PN,X0, XK CONST1 SGNXD H1 H2 JH3, EXD A6 A3.
1FXD,CONST2, AREASX AREASY AXS AREALX AREALY AXL AXCD CDP copp CK AK

2,CONST3, AYX, AYY AY AYCD cv CKPAKP ,H,HH,BOF T1 ,BOF 72, sorrs A7,DELX,
3DELY,DELXD,DELYD, DX, DY, T,BRCHX ,BRCHY, S1,A5 S IGMA, CD, XMR , ZETA, WP FF
LP,A2 A [Ran )
| ARE S S
CALL L|NEAR(X,AREASX.AREASY,AXS;|ARF%)L:?:- o | _
|AREL=1 ' e -

CALL LINEAR(X,AREALX,AREALY,AXL,IAREL)
AXCDmCOP*AXS+COPP¥AXL+CK¥AK
H1=CONST3/ (AXCD**2)

IF(X0)1,2,2 o i o o
EXD=1. — et e e R
FXDuO. - o
|AYs )
CALL LINEAR(X{XY;:£¥;}A§:TXQSE‘m‘_ - ) B
AYCD=CYFAY4CKP*AKP _ o
H3-CONST3}(A§CD;;£{~MAm—hm" U
GO TO 3 S
2 EXDmO. - S
rxo--1'" | o ) T
3 AKI-H*DFUNC(BOFTI x xn) ~ ‘::__“f:"_j T
8

e T 4ttt v ki e bt e me it

lt




| ARE a1 -
CALL L INEAR (X+HH*XD+H*AK] /8, , AREASX , AREASY , AXS , IARES)
| AREL=1
CALL L INEAR (X+HH*XD+H*AK1/8. ,AREALX ,AREALY,AXL , IAREL)
AXCD=CDP*AXS+CDPP*AXL+CK*AK
H1=CONST3/ (AXCD**2)

. IF(XD)4,5,5

b 1AYal

: , CALL L INEAR(X-+HHWXD+HAK] /8, , AYX,AYY,AY, 1AY)

y AYCDmCY*AY+CKP*AKP
H3mCONST3/ (AYCD**2)

5 AK2=H*DFUNC (BOF T2, X+HH¥XD#H¥AK1/8, ,XD+AK1/2.)
AK3=H¥DF UNC (BOF T2, X+HHWXD#HWAK] /8. , XD+AK2/2.)
. ke/2.)
CALL L INEAR(X+H*XD4HH¥AK3 AREASX,AREASY,AXS, IARES)
o REASY.AXS,1ARES)
CALL 1. INEAR(X+H¥XD+HH*AKS . AREALX,AREALY,AXL, IAREL)

% AXCD=CDP*AXS+CNPP*AXL+CK*AK S

H3=GONST3/ (AYCDY*2)
7 AKLmH*DFUNC (BOF T3, X+H*XD+HH*AK3 , XD+AK3 )

} H1mCONST3/ (AXCD¥*2)

; IF(XD)6,7,7 _
% . 6 1AYal ‘
; CALL L INEAR (X+H¥XD+HH*AK3 ,AYX ,AYY,AY, |AY)

% , AYCDmCY*AY+CKP*AKP

|

Be?

gl L e S Ty




e e aeadhie e g dal)

DX-H*(XD+(AKI+AK2+AK3)/6 )

X-X+H*(xu+(AK1+AK2+AK3)/5 y T S —
DY = (AK1+2.%(AK2+AK3 J+AKE)/6 . S
XD-XD+(AK1+2 *(AK2+AK3)+AKL+)/6 T - S
RETURN

END S e e

FUNCTION DFUNC (BOFT,X,XD)

COMMON U1, U2, U3 , Uk, US , AR , PN, X0, XK, CONSTI /SGNXD, H? He. HB EXD Aélks. .
1FXD,CONST2 I
GmARWPN*(XO/ (XO=K) JH*XK
DFUNC-(BOFT-(U1+U2+U3-U5)-G+consrl-ssNxD*(ﬁf;ﬁES*xo**z+Fxo*(A6*Hz/
1A3+H3)*XD**2+FXD*UM)/CONST2 - T T
o S

END

SUBROUT INE LlNéAk'(A'fm§r§Q;ﬁ5“mm“m |
DIMENS ION x(75) Y(75) I

IF(A=X( 1)) 3, 11 I ) o T
lml 1 o ) T
GO T0 2 T

| - it T T

vv.v(t)*(A-x(|+l))/(X(|)-x(|+1))+Y(|+1)*(A—x(l))/(x(|+li-X(|))

o ML
SUBROUT INE AREA(AREAI ,A1 .,"T-R .H'). o ST
- A e e




AREA!-AREA1+H*(A1+A2)/2.
AlmA2
" RETURN

END
¢ FUNCTION DFUNCI(XD,YD,BOFT) :
| D IMENS ION AREASX(75), AREASY(7S) AREALX(?;) AREALY(75) AYXEEBY_XQ;?—@
120) ,BRCHX (65) ,BRCHY(65) T
COMMON U1 ,U2,U3,Ub,US , AR, PN, X0, XK, CONST1 , senxo Hl,h2 H3 EXD,A6,A3,
1FXD,CONST2, AREAS ,AREASY, AXS , AREALX , AREALY , AXL , AXCD , COP, LCOPP, CK, AK
2 ,CONST3,AYX ,AYY ,AY,AYCD, CY, CKF ,AKP H, HH, BOFTI BOF T2, BOF}3MA7 DELX,

3DELY,DELXD, DELYD DX DY T BRCHX BRCHY s1, Aq SIGMA CD XMR ZETA WP FF

i cias e e b ree e ——

Lp,A2

Pz-((AR*xo-As*(YD-xo))/Axco)f*2#§|GMA/z /32 17 L h -
PRuP2+S1/AS
DFUNCI-(BOFT-AR*PR-(UI+U2)+CONST1)/XMR

RETURN

Ty

END
SUBROUT|NE P3NEG(X xD AREA1 A‘|5 _______
DIMENS ION AREASX(75), AREASY(?S) AREALX(?S) AREALY(75),AYX(20),AYY(

120) ,BRCHX(65) ,BRCHY(65) e

4 _ s
' COMMON U1 U2 U3 Uh US AR PN X0 XK ‘CONS T , SGNXD ,H1 ,H2 ,H3, EXD A6 A3,
1FXD,CONST2, AREASX AREASY AXS AREALX AREALY AXL ,AXCD,CDP, CDPP CK,AK

e

2,CONST3,AYX,AYY, AY AYCD CY CKP AKP H HH,BOF 71, BOF T2 BOFTB A7 DELX.

’ 3DELY,DELXD,DELYD, ox DY )T, BRCHX BRCHY §7’As S1GMA, CO, XMR.ZETA WP FF
E 4P,A2,PIH,XMP,Y,YD Pl

‘Lx [ VU i s i




|BRCHa 1
| IF(SENSE SWITCH 3)&,200 T
f 200 YD=(1.+AR/AT)*XD “ o T T
g Ya(1 . +AR/A7)*X o ) i
! "4 CALL LINEAR(T,BRCHX, BRCHY aorrinfgkéh) T
3 TuT+HH o | o
1 CALL LINEAR(T,BRCHX,BRCHY,BOFT2, IBRCH) I
. e +BRCAX, BRCRY, BL .
CALL L'NEAR<f}sﬁéug;éﬁzﬁ;IEBFTa.|aRCH)
XeX#DELX
YeY+DELY 3
XD-XD+DELXD I
YD=YD+DEL YD - ]
1 Pz-((AR*XD-AB*(YD-XD))/AXCD)**Z*SIGMA/Z /32,17
f P1-P2+S1/A5 o
é PRmP1
: PL=PR- (A3*(Yo-go))(Az*co>)*¥é;§fahl/2 /32,17 '_‘" N §
) RmAR*PRA+U2 - /|
TRmR+U1 =CONST!
CALL AREA(AREAT~K?MTé“a3 g
E | cc-(1.+AR735f¥Y o o |
pIFFCav-cc |
'PUNCH 3,T,X,XD,Y,YD,P1,P2,Pk,R,TR,AREA! ,DIFFC ﬁ
3 FORMAT(F13.7,5F13.L/6F13.4) .
1 3«10




IF(SENSE SWITCH 1)201 202

201 ACCEPT 203,H : T e
203 FORMAT(F10,0) '

%-  HHeH/2.

: 202 IF(1;¢CC)2,8, 4 p
k. 8 CCC-(I *AR/A7)*XD ) e e e mm e e e ?_
il Flvo-cccl2,2,4 g
2 RETURN e e e

END
SUBROUTINE K(X,XD, YD Y)

D IMENS |ON AREASX(75) AREASY(75) ARkALX(75) AREALY(?S) AYX(ZO) AYY(
120) ,BRCHX(65), BRCHY(GS)

COMMON U1,U2,U3, Uh US,AR, PN XO XK CONST1.§Eﬁ§Q_H1 H2 H EXD.AG.AB, 1
1FXD,CONST2,AREASX ,AREASY,AXS, AREALX ,AREALY,AXL, , AXCD, CDP COPP,CK, AK

2 .CONST3,AYX, AYY,AY,AYCD,CY,CKP,AKP,H,HH,BOF T1 ,BOFT2,B0F T3,A7,DELX,

3DELY, DELXD,DELYD,DX,DY, T,BRCHX,BRCHY, 51 A5mS|GMA co, XMR ZETA WP FF
Lp,A2,P3H,XMP,Y

lAREs-1 ’ o C o S o

7 CALL LINEAR(X,AREASX,AREASY,AXS, IARES) ~
4 | ARE S=1 |

cALL LINEAR(X .AREALX,AREALY,AXL, laRES) ~ 7 7T T
AXCOmCDP*AXS+CDPP*AXL+CK*AK ' T e s s e
‘ AK1=H*DFUNC!(XD,YD,BOFT) T

ALTHVOFUNC2 (XD Y%, ¥) e e e

4 ‘. - - o JU— -
i
e

. mimm tee e s o 1 o 3 i




ZaX4HHWXDAHAKT /8.
2YaY#HH*YDHHHALT /8. o
|ARE Sl “ ) o
CALL LINEAR(Z,AREASX,AREASY,AXS, |ARES) ]
o . L R
CALL LINEAR(Z,AREALX,AREALY,AXL, |ARES) | . |
AXCDmCDP¥AXS+CDPPHAXL+CK*AK ST T g

AKZ-H*DFUNCI(XD+AK1/2.,YD+AL1/2..BOFT2)
AL2=HHOF UNC2 (XDHAKT /2., YO+AL1/2.,2,2Y) ]
AK3-H*DFUNC1(XD+AK2/2..YD+AL2/2..BOFT2) 3

ALISHWOFUNCZ (XD4AKZ/2. YOuALZ/2.,2,2%) i
ZumX+H*XD+HH*AK3 T e f
ZYaYAH*YDHHHYALS | e ]
e > — e ;
CALL LINEAR(Z,AREASX, AREASY AXS IARES) o - 1
| ARE Sm1 T e ]
CALL LINEAR(Z,AREALX,AREALY, AXL IARES)

AXCD-CDP*AXS+CDPP*AXL+CK*AK T T
AKLimH*DF UNCT (XD+AK3 , YD+AL3 , aorra) T s
ALL=H*DF UNC2 ( XD+AK3 , YD+AL3 , 2 2Y) o -
DELXmH* (XD (AK1 +AK24AK3)/6.) T T —-

DEL YmH*( YD+ (AL1+AL2+AL3)/6.)
DELXDm(AKT+2,%(AK2+AK3 )+AKL)/6.

-

DEL YD=(AL1 42, % (AL2+AL3 )+ALU) /6. " B
i e ]
B-12




E
%

b= tinaun o L

-”ENd‘"

120), BRCHX(65), BRCHY(GS)
‘1rxo CONSTZWAREASX AREASY Axs AREALX AREALY AXL AXCD, CDP COPP,CK, AK[

BDELY DELXD DELYD DX DY T,BRCHX BRCHY Sl AS SIGMA CD XMR ZETA WP FF

FUNCTION oruncz(xo vo x v) K
DIMENS | ON AREAsx(75) AREASY(?S) AREALX(?S) AREALY(75) AYX(ZO) AYY(i

COMMON U1,u2 UB UH US AR PN XO.XK CONSTI SGNXD HI,HZ H3 EXD AG AB,@

TR T

T FE R e PRSP - e e B Mi‘"

2 CONST3 AYX.AYY AY AYCD CY CKP AKP H HH BOFT1 BOFTZ BOFT3 A7, DELX.;

it epeme s - e R

J

hP A2 P3H XMP Y

Pan( (ARMKD=A3H (YD-XD))/AXCO)W¥2#S IGMA/2./32.17 %
PRaP24S1 /A5 e e
pA-PR-(Aa*(Yo-xD)/<A2*co))**2*S'GMA/2 ’3? ’Z-".m_u-wmuf-imm
PX=PN*(XO/ (X0-AT*(¥=X)/AR)J**XK i |

DFUNCZ-(PA*AB-PX*A7-FFP+WP*SlNF(ZETA))/XMP B
RETURN

N0




APPENDIX ¢

8
"
[N
=
o
L o d
[ ]
53
=

D M

C-1

s |




i i il K i Bk

TR

AT PR T T LT AT T

o T W

¢

CONTROL ROD AREA ANALYSIS SHORT RECOIL TOM STREETER MAR 1965
DIMENS ION BRCHX(100),BRCHY(100),RODX(100),RODY(100)

COMMON CONST1,CONSTZ,CONSTB,CONSTQ,ARPN,XZERO,XK,H1,HZ;H,HH,CDP,
1 CDPP,XKS, XKL

PRINT Lk
Li FORMAT(SX4OHTURN SWITCH 2 ON FOR PUNCHED CARD OUTPUT//)
READ T , M, (BRCHX (1) , BRCHY ( 1) , I =1 , M)
1 FORMAT (110/(8F10.0) )
READ 1,N,(RODX(1),RODY(!), I=1,N)
READ 3,51,AR,A5,A7,A3,WR WP, ZETA XMR, F FP, FFP,PN, XZERO XK, SIGMA, |
! G,A2,CD,CDP,COPP,T,H, FACTOR ERROR x xoor XMP AXL AXS XKS XKL
3 FORMAT(8F10.0)
X mXMP*AR* (A74AR )/ A7%%2
CONST!-(WR+AR/A7*WP)*SINF(ZETA)
" CONST2@XMR+X |
CONSTB-Sl*AR*(A?-A!))AS}Z}Jl T
CONSTA=FAFP4AR®FFP/A7
ARPN=wAR¥AN

——— e e 4 e s mean

HlwS |GMARAZW#3RARRS / (2, *G*A:**2*A7**3*co**2)/ihu.

Hz-s|GMA*(A7-A3)**3*AR**3/(2 *G*A7**3)/1uu ‘

U-Sl*AR*(A?-AB)/AS/A7+F+FP+ AR*FFP/A? “

D04 =1, M | .
4 BRCHY (1) = BRCHY (|) *-FACTOR B

IBRCH = 1 "

lROD-I SRS

e e ame e e B T L T R NP

il L ok e e




%.

Gdetiarda o

N W TR I TR P

30 roRMAT(12x1Hu1ax2HH11uszHzt4x2Hx1//urts 4y

PUNCH 30 U, HT H2 XI

PUNCH 18

18 FORMAT(//7X1HT12X1HX11X4HXDOT1OXIHRIOXSHRREAL1OXBHQXS//)

AXCD=AXSHCDP4XKS
HH = H % .5
9 CALL LINEAR ( T, BR»HX. BRCHY, BOFTl IBRCH) o
T m T+ HH e e
CALL LINEAR ( T, BRCHX, BRCHY, BOFT2, IBRCH) ;
T T+ HH T e
CALL LINEAR ( T, BRCHX, BRCHY, BOFT3, IBRCH ) T
CALL LINEAR(T,RODX,RODY,RREAL,IROD)
5 |ERR=O T - R
6 IERR = usna = i ' “f o e |
CALL KUTTA(BOFTI,BOF T2,B0F T3, X, XDOT, DELX, DELXD, AXS ,AXL AXCD)
ZZZ=X+DELX i e
IXBOTeXBOTSDELRD T T T
2XDDDFUNC (B0F T3, 223, 2XDOT  AxCp) T T T T
GmARYPN*(XZERO/ (XZERO-ZZZ))%%xK T
R'U*G+x'*ZXDD+(H'+H2/AXCD**2)*ZXD07**2 - o i e |
ZZ-ABSP(RREAL_R) S U R U — 41.
IF(ZZ-ERROR)102,103,103 B R
103 DENOMm( RREAL-U-G-XI*ZXDD)/ZXDOT**Z o o
AXCD=SQRTF (H2/DENOM) ] mron e 3
IF ( IERR=5)6,51,51 T SO - !
§

PO




IR SRR

51 A
52

102

99

21
100 |
RED
e

12

o

FUNCTION OFUNC(BOFT,X,XDOT,AXCD)

ACCEPT 52,ERROR
FORMAT(F10 )
60 T0 5

CALL KUTTA(BOFT1 BOF T2 aorra x xoor DEL% DELXD, Axs'AxL_fiEb) o
IF (SEMSE SWITCH 3)7 99 o o
ACCEPT 52, ERROR

XmX+DELX

XDOT = XDOT + DELX®D

xnn-orunc(aorra x xoor AXCD) L )
GmARWPN*(XZERO/ (XZERO-X)DWRXK - |
RuUAGSX [¥XDD# (1 +H2/ AXCD##2) ¥XDOTHH2 -

ABC-(H1+H2/AXCD**2)*XDOT?*?“*_
AXS-(AXCD-XKS)/CDP

b eme A B R, b RLCE AL U PG s e Law seshesiel o kit th b e Srbae s

|F(SENSE swurcH 1)8 100

PRlNT 21 IERR ERROR.ZZ AXS

FORMAT(!IO 2F10.2 F1s, 7)

IF ( senss SWlTCH 2 )11, 12

PUNCH 19, T X XDOT R, RREAL AXS

B L 1181 —

FORMAT(5F13.4,F13.7)

et o maas . e s v ET

|F<T-Roox(N))9 10 1o o

srop T
END

& s o 4 s+ gt . — ——

L e b mmEE SR s G e B ) o

>4COMM0N CONST1 CONST2 CONST!,CONST# ARPN XZERO XK ,H1,H2 ,H,HH, CDP

"1 cDPP,XKS, XKL

" DFUNCw(BOF T=( CONS T3+ CONSTL ) ~ARPN* (XZERO/ ( XZERO=X) )*#XK

Grmh o7 o e v i




SUBROUTINE KUTTA(BOFT? BOFTZ BOFT3 X,XpoT, DFLX DELXD, AXS AXL,AXCD)

1 -(H1+H2/Axco**2)*xoor**z+co~sri)/consrz
nz*uan

END

[ T T e R b 4 aaeee s et —

- ———— - .

COMMON CONSTI const consrs CONSTh AR#N Xiskb xK'HT”B}“H"Hh EB}"m“

, 1 CDPP,XKS,XKL
f ) AK! =H¥OF UNC(BOF T1 , X, X0OT,, axen) T
Ef AKZ-H*DFUNC(BOFTZ X+HH*XDOT+H/ 8, %AK1 ,XDOT+AK1/2, ,AXCD) B
1 ' AK3=H¥DF UNC (BOF T2, X+HH¥XDOT+H/ 8., *Ak1‘XDor+AKz/2.,Axco)'*mw~"h_”ﬂmwm
{ AKU=H¥DF UNC (BOF T3 , X#HRXDOT+HHRAK3 , AK3+XDOT, axe)
E DELX = H¥ (XDOT+ (AKI + AKZ +AK3)/6:-Y-«”MM~_"_ R
L DELXD a (AKT + 2. *AK2 2 *AK3_+ AKL)/e L ;L i é
RE TURN :
B
SUBROUTINE LINEAR (AX,Y,w,1)
 DIMENSION X(100), v(1oo)md;:ji;:_;:— --T"-OW::“_W”wnlﬂh - ]
2 IF(A-X(I)) 3 1 1 {
Vet i . = |
rea T - . g
R e SRR
i ' VV-Y(l)*(A-X(I+1))/(X(l)-x(l+l))+Y(|+1)*(A-X(I))/(X(l+1)-X(l)) 4
% RETURN
| | o _ A e
E o N
— . e —_ - - b
I S
et e o e oo e e it o e ;
e ;
é | L
L—-— i i —




¢

CONTROL ROD AREA ANALYSIS LONG RECOIL TOM STREETER MAR 1965

DIMENSION BRCHX(100),BRCHY(100), RODX(100) RODY(IOO) AREASX(IOO),
1 AREASY(100)

COMMON CONST! ,CONST2,CONST3, CONSTM ARPN, XZERO XK HT H2 H HH CDP.

1 CDPP,XKS,XKL < e

PRINT ki ' SR e e

b4 FORMAT(5XLOHTURN SWITCH 2 ON FOR PUNCHED CARD ou-rpu-r//)

READ 1 , M, ( BRCHX (1 ) , BRCHY ( ), | -1, M )
1 FORMAT (110/(8F10,0) )

READ 1,N,(RODX(1),RODY(1),1=0,N) 7

o MMl . e mais an xeee

READ 1,MM, (AREASX(1), AREASY(I),I-l MM) oo e

dmeme - g e

READ 3,31,AR,A5,A7,A3,WR WP, ZETA XMR F.FP,F FFP PN, szRb XK SIGMA

st s do g b

! G,A2,CD,CDP,COPP, T H FACTOR ERROR X XDdT XMP AXL AXS XKS XKL

3 FORMAT(8F10.0) e e
x"XMP*AR*(A7+AR)/A7**2 T
CONST"(WR*AR’”*WP’*SiNF(HZEi‘A) - e —

CONST2=XMR#XI —
CONSTB-Sl*AR*(A?-Ag)/AS/A7 T ntnemaen Kt e S o e e e s i+ 4
CONST#-F+FP+AR*FFP/A7 ' e <
ARPNmAR®PN ' e e ek e e s e o
Him§ IGMA*Aau;*AR**g/ (2 *G*AZ**Z*A7**3'*¢'5£¥2 5‘/““. -
HZ-SIGMA*(A7-A3)**3*AR**3/(2 *G*A7**3)/1Ah. . i e e i 2o e
U-S1*AR*(A7-A3)/A5/A7+F+FP+ AR*FFP/A7 e s L et e
DOL lal , M O —
L BRCHY (1) = BREHY (1) % FacToR ~~ T e
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| ARE Aml
IBRCH = 1
IROD=1
PUNCH 30, U,H1,H2,XI

30 FORMAT(12X1HUT LX2HHT1LX2HH21 bX2HX1//4F 16.4)
AXCDmAXS*CDP+XKS+AXL*CDPP+XKL '

. , P SRERETRS

E 9 CALL LINEAR ( T, BRCHX, BRCHY, BOFTI, IBRCH)

| | S _ . '_Lifm“'inn_”m

! CALL LINEAR ( T, BRCHX, BRCHY, BOFT2, IBRCH)

: AR | Y, BOFT2, IBRCH)

5 CALL LINEAR ( T, BRCHX, BRCHY, BOFT3, IBRCH ) ]
CALL LINEAR(T,RODX,RODY,RREAL,ROD) o

| | oo (RREAL,IROD) -
CALL KUTTA(BOFT1,BOFT2,BOFT3,X,XDOT,DELX,DELXD,AXS,AXL,AXCD) |
2XD0TwXDOT+DELXD 1
ZXDDwDF UNC (BOF T3 ,222 ,ZXDOT,AXCD) o i
GmAR*PN* (XZERO/ (XZERO~ZZZ ) ) *¥XK

! , Re U+GAX 1#ZX D0 (H1 +H2/ AXCD%*2 ) *ZXDO Tw*2 o

7 22=ABSF (RREAL=R) I

; IF (2Z-ERROR)102,103,103 o

103 DENOMm( RREAL=U=G=X |*ZXDD)/ZXDOTH¥2 )
AXCO=SQRTF (H2/ DENOM)
;

If c-7
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51
52

102

29

21
100
R
19
12
10

IF(1ERR=5)6451,51
ACCEPT 52, ERROR
FORMAT(FIO 0)

GO TO §

CALL KUTTA(BOFT! ,BOF T2 ,BOF T3, X, xoor DELX DELXD AXS AXL Axco)
IF (SENSE SWITCH 3)7,99

ACCEPT 52, ERROR

x-x+DELx

XDOT = XDOT + DELXD

X0D0=DFUNC(BOF T3,X, XDOT AXCD)
G-AR*PN*(XZERO/(XZERO-X))**XK
R-U+G+X|*XDD+(H1+H2/AXCD**2)*XDOT**2
ABC-(HI+H2/AXCD**2)*XDOT**2

CALL LINEAR(X,AREASX,AREASY, Axs lARﬁQ{__
AxL-(Axcn-Axs*coP-XKs-XKQQ(Eng_
IF(SENSE SWITCH 1)8,100

PRINT 21, IERR,ERROR, 22, AXS AXL

FORMAT( 110,2F10.2, 2r1r.7)

IF ¢ SENSE SWITCH 2 ) 11, 12
PUNCH 19, T,X,XDOT,R,RREAL, AX& X§I"
FORMAT(3F10.4,2F12.3, 2F13 7)
IF(T=RODX(N))9,10, 1o

STOP

END ;. e

S T T T ]

st hMban b RARAL eyEir RN e et o 3 P o mhs 48 hE L ALk e e b

cre - - - e ot e S e 1 e ————— Y i 4 000




A b

RETURN
END - T
! SUBROUT INE LINEAR (A,X,Y,W, 1) T )
} D IMENS |ON X(IOO) ¥(100) T
: F(A=X(1) 3,1,0 T B
o O
‘GO To ' _ o ST T
| R e
| VYD R(ASXC 1)/ (X O =K1+ ))+Y (11 A=K (D)7 (10X (1)
RETURN D o T
Ew e
! -9 _
. —
-
| s
3
i o

SUBROUT INE KUTTA(BOFT! BOF T2, BOFTS, X, XDOT, DELY, oson Axs AXL AXCD)
COMMON CONSTI, CONST2, CONST3 CONSTM ARPN, xzsno XK, HT ,H2 H,HH, CDP
1 COPP,XKS, XKL T

AKTwH*DF UNC (BOF T ,X,, XDOT,AXCD)

AK2mH*DF UNC (BOF T2, X+HH*XDOT-+H/ 8, *AK1 ,XDOT+AK! /2. , AXCD)
AK3=H¥DF UNC (BOF T2, X4HHXDOT+H/ 8 *AKI x007+AK2/2..Axcu)
AKM-H*DFUNC(BOFT& x+H*xDOT¥€H*AK3 AK3+*EB{AAX665.
DELX w H¥* (XDOT+ (AK! + AK2 +AK3)/6 S T

DELXD w (AK! + 2 *AKZ * 2 *AKB + AKh)/e

RETURN
END | ]
FUNCTION DFUNC(BOFT X, xoov Axco) ?

COMMON CONST1 CONSTZ CONST3 CONST‘-!- ARPN‘“X“_ZEROlXK H1 H2 H HH CDP
1 COPP,XKS, XKL &' B o
DFUNC-(BOF‘T-((‘ONST3+ o CONSTH)-ARPN*(XZERO/(XZERO-X))***HKM

1 «(H1+H2 ’AXCD**Z)*XDOlT*’;Z.fCONSTl )/CC.)NST; -

B . L




